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Regularly interrupting sedentary behavior (SB) with activity breaks may attenuate 
postprandial glucose (PPG) excursions and improve glycemic control. 
Purpose: We aimed to determine the effect of interrupting 7 hours of prolonged sitting 
with brief bouts of moderate physical activity (PA) (alternating between up/down stairs 
and sit/stand up from the chair) on postprandial glucose (PPG) responses in comparison 
with uninterrupted sitting. In addition, we aimed to study the effects of 2 weeks of 
detraining (DT) on PPG on both protocols. 
Methods: Non-diabetic, trained older adults (n = 9; 5 males), aged 77.0±5.8 years, were 
recruited for a randomized crossover trial with two treatments performed in two different 
training conditions: 1) uninterrupted sitting protocol (CON); 2) seated with 2-minutes 
bouts of moderate PA every 30 minutes (INT). Both protocols were performed in a trained 
condition and after 2 weeks of DT. In the early morning of each trial, participants did an 
oral glucose tolerance test (OGTT) and 2 blood samples were collected (fasting and after 
2 hours); 2.5 hours after, participants began the protocol and two standardized meals were 
provided (0 hours and at 3 hours). An iPro2 continuous glucose monitoring (CGM) 
system recorded the average interstitial glucose concentration every 5 minutes. Positive 
incremental area under the curve (iAUC) and total area under the curve (pAUC) for 
glucose as well as mean glucose (MG) were calculated using Matlab. Differences between 
both protocols and between the two different moments were examined using generalized 
estimation equation (GEE), adjusting for sex and age (CI 95%).  
Results: No differences were found between CON and INT protocols at baseline (tAUC: 




vs. 5.3±4.0 mmol/l/h, ∆ -20.9%, p = 0.390; MG: 5.9±0.9 mmol/l vs. 5.8±1.2 mmol/l, ∆ -
1.7 %, p = 0.719), neither in post-detraining period (tAUC: 46.2±7.2 mmol/l/h vs. 
43.3±10.8 mmol/l/h, ∆ -6.3%, p = 0.495; iAUC: 9.6±4.8 mmol/l/h vs. 8.1±9.1 mmol/l/h, 
∆ -15.6%, p = 0.646; MG: 6.7±1.0 mmol/l vs. 6.3±1.6 mmol/l, ∆ -6.0%, p = 0.515). 
Moreover, no differences were found when baseline and post-detraining moments were 
compared (tAUC: CON, ∆ 13.2%, p = 0.055; INT, ∆ 8.5%, p = 0.401; iAUC: CON, ∆ 
43.3%, p = 0.100; INT, ∆ 52.8%, p = 0.343; MG: CON, ∆ 13.6%, p = 0.056; INT, ∆ 8.6%, 
p = 0.390). 
Conclusions: Although considerable percentage differences were observed in glucose 
responses in the two protocols and in the two moments of evaluation (trained and after 2-
week detraining), according to the sample size and after statistical tests brief interruptions 
of sedentary time (ST) of moderate-intensity PA does not seem to acutely modify PPG 
response in trained older adults. Also, 2 weeks of DT were not sufficient to promote 
changes in PPG. 
Keywords: sitting time, physical inactivity, breaks, glycemic control, continuous glucose 










A interrupção frequente do comportamento sedentário com breves períodos de atividade 
física pode atenuar os aumentos pós-prandiais da glicémia e melhorar o controlo 
glicémico. 
Objetivo: Investigar os efeitos da interrupção do comportamento sedentário, realizando 
breves interrupções de 2 minutos de atividade física de intensidade moderada a cada 30 
minutos (durante 7 horas), na resposta pós-prandial da glicémia e compará-los com os 
efeitos da adoção de um padrão contínuo de sedentarismo. Complementarmente, 
investigou-se também o efeito de 2 semanas de destreino na resposta pós-prandial da 
glicémia quando ambos os protocolos de sedentarismo foram repetidos. 
Métodos: Participaram nesta investigação 9 pessoas idosas saudáveis (5 homens), sem 
diabetes diagnosticada e treinados, com 77.0±5.8 anos. Foi adotado um modelo 
randomizado cruzado com dois protocolos: 1) comportamento sedentário contínuo 
(CON); 2) comportamento sedentário interrompido a cada 30 minutos com atividade 
física de intensidade moderada (subir/descer escadas e sentar/levantar da cadeira) (INT). 
Ambos os protocolos foram realizados quando os participantes estavam normalmente 
treinados e após as 2 semanas de destreino. Na manhã de cada protocolo, foi realizado 
um teste de tolerância oral à glucose e duas amostras de sangue foram recolhidas (em 
jejum e após 2 horas). Duas horas e meia depois, iniciou-se o protocolo e duas refeições 
padrão foram disponibilizadas aos participantes (0h e 3h). Um sistema de monitorização 
contínuo de glicémia (iPro2) foi utilizado para registar os valores médios de glucose 
intersticial. A área debaixo da curva incremental, a área debaixo da curva total e o valor 




de diferenças entre protocolos e entre os dois momentos, foram utilizadas equações de 
estimação generalizadas (IC 95%), ajustando-se para o sexo e a idade. 
Resultados: Não foram encontradas diferenças entre CON vs. INT quer no período pré-
destreino (tAUC: 40.8±7.0 mmol/l/h vs. 39.9±8.2 mmol/l/h, ∆ -2.2%, p = 0.772; iAUC: 
6.7±3.6 mmol/l/h vs. 5.3±4.0 mmol/l/h, ∆ -20.9%, p = 0.390; MG: 5.9±0.9 mmol/l vs. 
5.8±1.2 mmol/l, ∆ -1.7%, p = 0.719) quer no período pós-destreino (tAUC: 46.2±7.2 
mmol/l/h vs. 43.3±10.8 mmol/l/h, ∆ -6.3%, p = 0.495; iAUC: 9.6±4.8 mmol/l/h vs. 
8.1±9.1 mmol/l/h, ∆ -15.6%, p = 0.646; MG: 6.7±1.0 mmol/l vs. 6.3±1.6 mmol/l, ∆ -
6.0%, p = 0.515). Adicionalmente, não se registaram diferenças quando os períodos pré 
e pós destreino foram comparados (tAUC: CON, ∆ 13.2%, p = 0.055; INT, ∆ 8.5%, p = 
0.401; iAUC: CON, ∆ 43.3%, p = 0.100; INT, ∆ 52.8%, p = 0.343; MG: CON, ∆ 13.6%, 
p = 0.056; INT, ∆ 13.6%, p = 0.390). 
Conclusões: Embora se tenham observado consideráveis diferenças percentuais nas 
variáveis investigadas nas duas condições experimentais e nos dois momentos de 
avaliação quando as pessoas estavam treinadas ou sujeitas a um período de 2 semanas de 
destreino, de acordo com a dimensão da amostra e a aplicação das apropriadas provas 
estatísticas, a interrupção do comportamento sedentário por breves períodos de atividade 
física de intensidade moderada parece não alterar, de forma aguda, as respostas pós-
prandiais da glicémia em idosos que treinam regularmente. Paralelamente, observou-se 
que 2 semanas de destreino não foram suficientes para alterar as respostas pós-prandiais 
da glicémia. 
Palavras-chave: tempo sentado, inatividade física, interrupções, controlo glicémico, 





Technological evolution and increasing industrialization have contributed to 
humans being gradually replaced by machines in several contexts (e.g. workplace). 
Therefore, it is no longer necessary to perform physically demanding tasks involving high 
energy expenditure. In fact, the adoption of a sedentary lifestyle is transversal to all ages, 
from adolescence to more advanced ages and is associated with several diseases 
(Patterson et al., 2018; Santos et al., 2018). 
In recent years, the issue of sedentarism has gained relevance in the scientific field 
and several investigations have been carried out, knowing that regardless of levels of 
physical activity (PA), more time spent in sedentary behavior (SB) and watching TV is 
associated with a higher risk of developing chronic diseases such as cardiovascular 
disease, cancer, and type 2 diabetes mellitus (Patterson et al., 2018). Although much of 
the current knowledge is derived from observational studies, more recently several 
authors have intensified experimental studies, which has allowed the ability to establish 
cause-effect relationships between the adoption of a sedentary lifestyle and its 
consequences for health, as well as the mechanisms that are underlying these 
relationships. 
Most of the experimental findings derived from randomized cross-over trials aim 
to understand the acute effects of the interruption of SB on glycemic or lipid profile 
(Benatti & Ried-Larsen, 2015). However, further experimental trials are needed to 
strengthen the body of evidence by diversifying the samples used and the protocols 
applied, thereby allowing some of the remaining doubts to be clarified (e.g. ideal 




In Portugal, according to data from 2012, only 36% and 4% of children aged 10-
11 years and 16-17 years, respectively, were considered sufficiently active (Baptista et 
al., 2012). In adulthood, the results show that 70% of adults and only 35% of older adults 
achieve daily recommendations of PA (Baptista et al., 2012). Based on this, it is well 
recognized the need to implement strategies that promote an increase in PA levels and 
consequently a decrease in sedentary pursuits. Therefore, more scientific evidence is 
needed to reinforce the benefits of a healthy lifestyle and also the hazards associated with 
low PA levels or temporary reduction in it, as happens, for instance, during the summer 
vacations. 
With this work, we intend to increase the body of evidence related to the SB 
research field, focusing on two distinct but complementary topics: the benefits of 
interrupting SB and the potential hazards associated with brief discontinuation of PA on 
postprandial (PP) responses in older adults who train weekly. 
Structurally, this thesis includes a review of the literature that addresses the issue 
of sedentarism, regarding epidemiological data, assessment methods, observational and 
experimental data. Then, the glycemic control (GC) issue will be described, namely the 
mechanisms of insulin production and signaling, the postprandial glucose (PPG) response 
and how frequent interruptions of SB may influence this metabolic response. Finally, the 
literature review concludes with a description of the overall effects of detraining (DT) 
and also its effects on PPG. Subsequently, the methodology, the results and a brief 
discussion of the results will be presented. Finally, the main conclusions, limitations of 






1. Sedentary behavior 
1.1. Definitions 
SB entails any conscious behavior performed in a sitting or reclining position, in 
which the energy expenditure is set between 1.0 and 1.5 METS (Pate, O'Neill, & Lobelo, 
2008; SBRN, 2012). SB has emerged as a risk factor for several health-related conditions 
and nowadays it is known that people spend more time in SB – when compared to past 
generations – mainly due to technological innovations, such as television, computers, 
video games, and the increased use of the personal car for commuting (Owen, Sparling, 
Healy, Dunstan, & Matthews, 2010). Therefore, over the past decade, the research carried 
out in this field has significantly increased, providing observational and experimental 
evidence of the detrimental effects of spending too much time in sedentary pursuits. 
More recently, studies have shown that SB is a much more complex issue since it 
is more important to consider the way we accumulate our SB throughout the day, rather 
than the total amount of time spent in such activities. Thus, the concepts of bout of 
sedentary time (ST), break in ST, and sedentary pattern arose. Generally, while a 
sedentary bout represents a period of uninterrupted ST, a sedentary break corresponds to 
a non-sedentary bout in between two sedentary bouts. Sedentary pattern represents the 
way in which ST is accumulated throughout the day and usually two patterns could be 
defined: continuous, when someone accumulates ST in extended prolonged bouts and 
discontinuous when someone accrues ST with frequent interruptions and in short bouts 




PA could be defined as any bodily movement produced by skeletal muscle that 
increases energy expenditure above rest, whereas the term “exercise” represents a 
subcategory of PA, with a  specific plan and structure aimed to achieve a health goal or a 
performance target (Caspersen, Powell, & Christenson, 1985). Current PA guidelines 
advocate that adults and older adults must perform at least 150 minutes/week of moderate 
intensity PA, or 75 minutes/week of vigorous intensity PA or a combination of both 
recommendations mentioned (WHO, 2010). On the other hand, when an individual does 
not meet established PA recommendations, he/she is considered inactive, which does not 
mean that he/she is necessarily sedentary and vice-versa. For a better understanding of 
the differences between both concepts, it is important to look at the definitions. 
Considering the aforementioned definitions, it is recognized that SB is part of the same 
energy expenditure spectrum of PA, whereas physical inactivity refers to non – 
compliance with PA guidelines (WHO, 2010). Consequently, a person can be physically 
active and also sedentary, such as a woman who works in an office, seated most of the 
day, but who performs 1 hour per day (> 150 min/week) of PA after work. However, the 
opposite is also possible, because someone can be inactive but not be considered 
sedentary, such as a men who spends the entire day standing and walking at work, but 
who does not accomplish the ACSM’s PA recommendations. 
Thus, SB and inactivity are distinct constructs that must be seen as different health 
risk factors and particularly from the 1950s, SB has emerged itself as a risk factor for 
health (van der Ploeg & Hillsdon, 2017). Hamilton and colleagues proposed the 
“inactivity physiology paradigm” to highlight the discrepancies between these two 
concepts and to reinforce the importance of studying each one separately (Hamilton, 




Undeniably, exercising too little is different from sitting too much and, as such, has its 
own consequences. A study conducted on rats showed that some genes are more sensitive 
to PA, whereas other genes and molecular processes are compromised by physical 
inactivity through mechanisms that are different from those related to exercise (Bey et 
al., 2003; Hamilton et al., 2008). Currently, physical inactivity is already considered itself 
as a possible cause for more than 35 chronic diseases. It speeds biological aging and 
increases the prevalence, from 30 to 50%, of cardiovascular disease, type 2 diabetes 
mellitus, breast and colon cancer, dementia and depression (Booth, Roberts, Thyfault, 
Ruegsegger, & Toedebusch, 2017). 
The effects of SB on health outcomes seem to be independent of PA levels, which 
means that a person who spends a lot of time in sedentary activities, even if considered 
physically active, is not fully protected from the detrimental effects of this behavior, 
regardless of sex, age, body mass index or energy expenditure (Gonzalez, Fuentes, & 
Marquez, 2017). If we look at ACSM guidelines, we realize that it only covers 30 minutes 
a day, that is, about 2.1% of all 24 hours. If we consider that each person usually sleeps 
8 hours per night, this means that 15.5 hours remain to be considered (Hamilton et al., 
2008). Therefore, it is essential to continue to disclose the importance and the benefits of 
achieving international PA guidelines, but also to raise the awareness that it might be 
equally important to reduce ST.  
1.2. Epidemiology of Sedentary Behavior  
SB has been studied using different methods, which can be categorized into 
objective and subjective. Among the objective methods, accelerometers (e.g. Actigraph 
accelerometers), posture monitors (e.g. Activpal), and heart rate monitors combined with 




are the most prominent subjective methods (Atkin et al., 2012). Using either a pedometer 
or an accelerometer physical activity monitoring device, when someone takes <5000 
steps/day is considered sedentary, 5000-7499 steps/day is considered low active, and ≥ 
7500 steps/day (of which at least 3000 steps/day should be performed at moderate to 
vigorous physical activity (MVPA)) is considered physically active (Tudor-Locke, Craig, 
Thyfault, & Spence, 2012). In addition, an activity of < 100 counts per minute measured 
by the accelerometers is usually used to define SB (Matthews et al., 2008). 
Generally, adults and older adults report that they spend about 5 – 6 h/day 
(Bauman et al., 2011) and > 4 h/day in SB, respectively, when using subjective data 
(Harvey, Chastin, & Skelton, 2015). However, when objective methods are used, ST 
recorded tends to be higher, with adults spending about 50-60% of their daily time in 
sedentary activities (Healy, Matthews, Dunstan, Winkler, & Owen, 2011), while older 
adults spend almost 70% (Judice, Silva, & Sardinha, 2015). Regarding the Portuguese 
population, the results show that, when considering youth, about two thirds of the day 
corresponds to ST; with the transition to adulthood, it should be noted that men and 
women show different trends: relative to children, women decrease their ST while men 
show an increase; however, with aging the ST increases in both sexes (Baptista et al., 
2012). Recent data have strengthened the results published in 2012, showing that in 
Portugal, ST represents 57.7%, 60.2% and 65.2% of wear time for boys, adult men, and 
older men, respectively. In girls, adult females, and older women, 61.1%, 56.5% and 
63.8% of their wear time is spent in sedentary pursuits, respectively (Santos et al., 2018). 
This study has shown that adult females spent more time in light intensity and moderate 
to vigorous activities in comparison with girls, which does not happen with males who 




1.3. Observational and Experimental Studies 
1.3.1. Observational studies 
Observational data published in the last two decades suggest that time spent in SB 
is associated with all-cause mortality, and several non-communicable diseases, including 
cardiovascular disease (Sattelmair et al., 2011), diabetes (Avery, Flynn, van Wersch, 
Sniehotta, & Trenell, 2012), cognitive function and several types of cancer (Shen et al., 
2014). For instance, a study conducted in 33,723 women found that watching TV for 
more than 5 hours per day (vs. < 5 hours/day) was associated with an increased risk for 
endometrial cancer (Friberg, Mantzoros, & Wolk, 2006). Using a similar approach, Patel 
et al. (Patel, Rodriguez, Pavluck, Thun, & Calle, 2006) observed that women who spent 
more than 6 hours per day on TV viewing had 55% greater risk for developing ovarian 
cancer in comparison with those who spent less than 3 hours/day. More recently, Cong et 
al. (Cong et al., 2014), observed that the risk of colon cancer was 30% higher among 
sedentary people, independently of PA levels based on 23 observational studies 
(longitudinal and case-control). 
 In line with several prospective studies, meta-analysis, and reviews of prospective 
cohorts, it might be stated that the longer the time spent in SB, the greater the risk for all-
cause and cardiovascular mortality (de Rezende, Rey-Lopez, Matsudo, & do Carmo Luiz, 
2014; Patterson et al., 2018; Thorp, Owen, Neuhaus, & Dunstan, 2011). In 2010, an 
Australian research group showed that for each hour a day spent watching TV was 
associated with an increased odds of 11% and 18% for all-cause mortality and for 
cardiovascular disease, respectively (Dunstan et al., 2010). Moreover, the same study 
compared people who watch TV ≥ 4 hours/day vs. < 2 hours/day and concluded that those 




cardiovascular disease, respectively (Dunstan et al., 2010). A recent meta-analysis, while 
using a dose-response approach, aimed to establish a relationship between ST and TV-
viewing with different health-related outcomes (all-cause mortality, cardiovascular 
mortality and type 2 diabetes mellitus incidence), based on adjusted and non-adjusted 
models for PA (Patterson et al., 2018). The results suggest that more than 6 – 8 hours/day 
in ST and more than 3 – 4 hours/day watching TV are the thresholds for which the risk 
for all-cause mortality and cardiovascular mortality increase significantly (Patterson et 
al., 2018). As far as older adults are concerned, a longitudinal study in older men 
underpinned the associations between mortality and ST and reported that 30-minute 
increments in ST increase the risk of all-cause mortality by 15% (Jefferis et al., 2018). 
Regarding the diabetes, it is known that increasing TV viewing by 2 hours a day 
is associated with a 20% increased risk for developing type 2 diabetes, even when 
adjusting for nutritional aspects (Grontved & Hu, 2011). In other health-related outcomes, 
ST has been detrimentally associated with waist circumference, fasting triglycerides, 
HDL – cholesterol, and C – reactive protein (Healy et al., 2011). These results are in 
agreement with the Maastricht based study, which reported that an extra hour of ST was 
associated with a 39% increased risk for metabolic syndrome (van der Berg et al., 2016). 
As far as the SB patterns are concerned, for each 1-hour increment in sedentary 
bouts (duration of 10 to 20 minutes), there is a 48% increased risk for being abdominally 
obese (Judice et al., 2015). However, for every additional hourly break in ST, the odds of 
having abdominal obesity decrease by 7% (Júdice, Silva, Santos, Baptista, & Sardinha, 
2015). Also, in older adults, interrupting ST more frequently improves physical function 
in older adults, regardless of total ST, MVPA, and other potential confounders (Sardinha, 




1.3.2. Experimental studies 
Beyond the above-mentioned observational studies, several experimental trials 
have been carried out to support the idea that reducing ST is paramount. However, there 
are some conflicting results given that some studies concluded that a decrease in ST 
promotes significant improvements in health biomarkers, whereas some findings did not 
support this relationship. 
Significant improvements were reported for glycemic and insulinemic responses 
in 19 physically inactive nondiabetic overweight and obese individuals when prolonged 
sitting was briefly interrupted with light- and moderate-intensity walking every 20 
minutes, without any differences between both walking protocols. These authors 
documented that breaking up sitting time lowers insulin iAUC by 23% and plasma 
glucose iAUC by 24% (Dunstan et al., 2012). In a secondary analysis using the same 
sample, it was reported that uninterrupted sitting has pro-coagulant effects, since it 
promotes increases in fibrinogen, plasma volume, hemoglobin as well as in hematocrit 
values. These deleterious effects were counteracted when ST was actively interrupted 
(Howard et al., 2013). 
Moreover, the beneficial effects of sitting less and frequently breaking up this 
behavior were also observed in diabetic patients (Dempsey, Owen, Yates, Kingwell, & 
Dunstan, 2016). When SB was interrupted with brief bouts of light-intensity walking or 
simple resistance activities (e.g. half-squats), glucose and insulin iAUC were attenuated 
by 39% and 36-37%, respectively (Dempsey, Larsen, et al., 2016). Interestingly, the 
benefits acquired throughout the day might persist through the night period until the next 




Although other studies have had similar findings to those described above 
(Fletcher et al., 2018; McCarthy, Edwardson, & Davies, 2017a; Peddie et al., 2013; Thorp 
et al., 2014), some investigations did not document the same results (Blankenship, 
Granados, & Braun, 2014; Hansen, Andersen, Vinther, Pielmeier, & Larsen, 2016). For 
instance, frequently interrupting sitting with 2 minutes of light-intensity walking (i.e. 
every 20 minutes) in 14 healthy, normal weight adults assigned to 2.5 hours of prolonged 
sitting, resulted in no significant improvements in glucose iAUC when compared to the 
uninterrupted sitting protocol (Hansen et al., 2016). Possibly, the conflicting results might 
be due to the different protocols that were applied and to the different samples used.  
Besides that, the optimal intensity of breaks remains unclear. For instance, a 
significant 11% reduction in iAUC was found when prolonged periods of sitting were 
interchanged with standing breaks every 30 minutes (Thorp et al., 2014). In contrast, 
Bailey and colleagues (Bailey & Locke, 2015) compared the effects of prolonged sitting, 
sitting plus standing interruptions (2 minutes each half hour) and sitting plus light-
intensity walking interruptions (2 minutes each half hour) on PPG  in 10 healthy non-
obese adults and significant changes were reported only for the walking breaks. On the 
other hand, when sitting was interrupted with the same frequency and intensity in a 
sample of healthy young people, neither low-intensity breaks nor those that were 
moderate had any impact on PP responses (Saunders et al., 2013). As suggested in a 
review of experimental studies, these findings probably indicate that sedentary 
individuals can benefit from breaks of standing or low intensity, while more active and 





In a hybrid trial (face to face and online intervention) to reduce SB, it was reported 
by the participants that they increased their PA levels and decreased their SB which 
resulted in a reduction of waist circumference, a risk factor for several diseases such as 
type 2 diabetes (Adams, Davis, & Gill, 2013). 
In an elegantly designed randomized crossover trial, Duvivier et al. (Duvivier et 
al., 2013) aimed to examine the effects of excessive sitting on circulating lipids, while 
using three distinct conditions (4 days each): 1) sitting regime (participants were 
instructed to sit 14 hours/day); 2) exercise regime (researchers asked the participants to 
replace 1 hour of sitting by 1 hour of vigorous supervised cycling, totaling 13 hours/day 
sitting); 3) minimal intensity PA (participants should replace 6 hours of sitting with 4 
hours of walking and with 2 hours of standing, with a total of 8 hours/day of sitting). The 
increased energy expenditure was assured between the second and third conditions vs. 
the first regime. The results suggest that tAUC for triglycerides (22%), non – HDL 
cholesterol (10%) and apo B concentrations (8%) were significantly lower after the 
minimal intensity PA when compared with sitting. Additionally, the exercise condition 
had no effect on the health-related outcomes, when compared with the sitting regime. 
Thus, it seems to be an effective strategy to replace sedentary activity with 
walking/standing, rather than replacing it for just one hour per day of exercise (Duvivier 
et al., 2013). 
Using a different approach, MacEwen et al. (MacEwen, Saunders, MacDonald, & 
Burr, 2017) used a 12-week randomized controlled trial to analyze the impact of standing 
desks on several outcomes. The participants were divided into 2 groups: 1) stand desk 
group; 2) seated desk group. As expected, the experimental group (1) decreased their total 




correspond to improvements in health biomarkers such as blood pressure, triglycerides, 
cholesterol, fasting glucose, HbA1c or vascular health (MacEwen et al., 2017). With a 
similar protocol, while also using standing desks to reduce time in the sitting position, 
Graves et al., (E. F. Graves, C. Murphy, Shepherd, Cabot, & Hopkins, 2015) observed 
that the standing desk strategy was a feasible option to reduce ST, without posing 
discomfort or pain to the participants. However, they also found no significant 
improvements in cholesterol, endothelial function and diastolic blood pressure (E. F. 
Graves et al., 2015). 
2. Glycemic Control 
2.1. Insulin 
In 1889, Minkowski and van Mering recognized the existence of a substance that 
when released by the pancreas was responsible for the homeostasis control of several 
systems, including the GC (Bliss, 1993). Three decades later, this molecule was finally 
isolated which allowed a more detailed study and, for the first time, it was named 
“insulin”. It was not until 1922, that the first study related to insulin action was carried 
out in humans (Wilcox, 2005). Insulin is an anabolic peptide hormone that is released by 
the beta cells located in the pancreatic islets of Langerhans (Qaid & Abdelrahman, 2016). 
In addition to being essential in glucose homeostasis, insulin also plays a role in the lipid 
and protein metabolism, since it increases lipogenesis, suppresses lipolysis and promotes 
the uptake and incorporation of amino acids into protein, while inhibiting its degradation 
(Qaid & Abdelrahman, 2016; Wilcox, 2005). This hormone has mitogenic effects 
contributing to cell division and growth (Wilcox, 2005), prevents apoptosis and protects 
cells from oxidative stress (Marshall, 2006). Below, the mechanisms of synthesis, release, 




2.1.1. Production and release 
Insulin release assumes a biphasic nature and a pulsatile fashion subdivided into 
two distinct phases. The first phase is characterized by a marked increase in insulin 
release, which was already stored in secretory granules (reaches the peak in 3-5 minutes 
and lasts for almost 10 minutes). The second phase is slower and sustained and reflects 
the release of both stored insulin remaining in the granules and newly synthesized insulin 
(Moore, Cherrington, & Wasserman, 2003; Wilcox, 2005). Insulin secretion can be 
regulated by 2 different pathways: nutrient and non-nutrient secretagogues (Wilcox, 
2005). These two physiological mechanisms are described below. 
Nutrient secretagogues 
Proinsulin is synthesized in the ribosomes on the rough endoplasmic reticulum 
and is then carried to the Golgi apparatus, where it undergoes maturation processes into 
insulin and C – peptide. Afterward, this hormone will be released through exocytose 
through a glucose-dependent manner. Indeed, glucose is the main responsible factor for 
the first phase of insulin secretion, as this macromolecule enters the pancreatic beta cells 
and starts a series of metabolic cascades. First, the glucose is sensed and phosphorylated 
by glucokinase into glucose-6-phosphate, which in turn through the Krebs cycle generates 
ATP. The production of ATP promotes closure of the K+ATP channels and a consequent 
cellular membrane depolarization that culminates with the opening of the calcium 
channels. Therefore, there is an increase in intracellular calcium that triggers exocytosis 
of protein complexes where insulin is stored and, consequently, induces the pulsatile 
secretion of this hormone (Tokarz, MacDonald, & Klip, 2018; Wilcox, 2005). 
Fatty acids also control insulin secretion through a mechanism similar to glucose. 




within the mitochondria which help to maintain insulin secretion levels. However, when 
a carbohydrate-containing meal is consumed, fat oxidation is inhibited and the transport 
of acyl-CoA to the mitochondria is blocked, thus its cytosol levels increase which leads 
to an increment of intracellular calcium concentration that stimulates insulin exocytosis 
(Newsholme & Krause, 2012). Finally, it is important to emphasize that the proteins, 
namely amino acids, also seem to influence glucose-stimulated insulin secretion, in a 
similar way to mechanisms already described above, which involve depolarization of the 
cellular membrane by increasing the intracellular calcium levels. Among the different 
amino acids, arginine, L-glutamine, intracellular L-glutamate and L-alanine are the most 
prominent (Newsholme & Krause, 2012).                                                  
Non-nutrient secretagogues 
The non-nutrient secretagogues pathways may act via neural stimuli, through 
cholinergic (regulation of the cephalic phase of insulin production that occurs when food 
is smelled, seen or acutely ingested) and adrenergic transmissions (Wilcox, 2005). 
Regarding cholinergic mechanisms, it is relevant to highlight the importance of 
acetylcholine, an important neurotransmitter that plays a crucial role in the activation of 
muscarinic receptors that are recognized for its relevance in metabolic functions, namely 
in the regulation of B-cells activity (Molina et al., 2014). In its turn, adrenergic 
transmissions are related to alfa and beta-receptors that inhibit and enhance insulin 
release, respectively (Porte, 1967; Wilcox, 2005).  
Additionally, non-nutrient secretagogues also encompasses peptide hormones that 
are implicated in insulin release such as glucagon-like peptide-1 (GLP-1) and gastric 
inhibitory polypeptide (GIP). These incretins are secreted by the intestine upon ingestion 




(Yabe & Seino, 2011). In contrast, somatostatin and adrenocorticosteroids are responsible 
for decreasing insulin levels (Wilcox, 2005). 
2.2. Glycemic control: the role of insulin and muscle contraction 
Insulin, as a hormone, acts in different tissues and organs such as muscle, adipose 
tissue, liver, brain, endothelium, pancreas, pituitary gland, kidney, gonads, and bone 
(Wilcox, 2005). However, for the purpose of this thesis, it is important to clarify the role 
of insulin in the liver but mainly in muscle. In the hepatic organ, insulin inhibits glucose 
output (gluconeogenesis) by activating protein kinase B (Akt) (Czech, 2017), whereas in 
the muscle it regulates the metabolism of carbohydrates (CHO) by promoting the 
absorption of glucose, that is, enhances entry of glucose into cells and increases the 
storage of glucose as glycogen, thereby lowering blood glucose levels (Qaid & 
Abdelrahman, 2016; Wilcox, 2005). For this purpose, insulin binds to its receptor on cell 
membranes and activates insulin – signaling cascade to PI3K (phosphoinositide 3-
kinases) and Akt that promotes the remodeling of actin cytoskeleton (a structure that is 
essential for maintaining the shape of cells) and triggers the traffic of vesicles that store 
GLUT – 4, respectively. Taken together, these actions will culminate in the translocation 
of GLUT – 4 from intracellular pools to the cell surface (Tokarz et al., 2018). Once 
coupled to the cell membrane, GLUT – 4 provides the entry of the glucose into the cells 
to be used for energy production or for energy storage. For this reason, GLUT-4 is 
considered the main glucose transporter and a key determinant of its homeostasis (Huang 
& Czech, 2007). 
In addition to insulin-dependent glucose uptake, it is also important to highlight 
that glucose control can also be mediated by muscle contraction and in an independent – 




much 50-fold. Local factors such as calcium concentration, calcium calmodulin-
dependent protein kinase, reactive oxygen species, nitric oxide and AMP-activated 
protein kinase (AMPK) are involved in this process. These mechanisms are related to 
each other and through various enzymatic reactions favor the translocation of GLUT-4 to 
the membrane independent of insulin action, leading to glucose uptake (Merry & 
McConell, 2009). Moreover, muscle contraction is also involved in actin cytoskeleton 
adaptation that is crucial for glucose uptake (Tokarz et al., 2018). 
2.3. Carbohydrates 
Through food, we obtain the necessary nutrients for vital functions and daily life 
activities, of which, we highlight macromolecules such as CHO, lipids, and proteins. 
Commonly referred as sugars, CHO represent the main source of energy for humans and 
are classified as monosaccharides, disaccharides or polysaccharides. We will focus on 
glucose, which is the most known molecule responsible for providing energy for the 
human body since it can be used directly by cells. Glucose, also plays an important role 
on energy storage and temperature regulation, for instance, it can be stored as glycogen 
in liver and muscles, like free-fatty acids in adipose tissue, or even provide carbon 
skeletons to synthesize non-essential amino acids (Katch, McArdle, & Katch, 2011). For 
these several reasons, it is desirable that glucose is available in optimal concentrations for 
cells and that the production mechanisms of this molecule are properly coordinated. 
Generally, glucose can be obtained in two distinct pathways, either exogenous or 
endogenous. The first is related to glucose obtained through feeding, particularly with 
foods that have high levels of CHO. The endogenous pathway comprises metabolic 
processes including glycogenolysis that involves lysis of muscle and hepatic glycogen 




glucose synthesis trough non-glucose sources, mainly by amino acids (carbon skeletons) 
(Schutz, 2011).  
2.3.1. Glycemic response to a meal 
Glucose homeostasis reflects the balance between the rate of glucose appearance 
(glucose that enters in circulation) and the rate of glucose disappearance (glucose that 
leaves circulation), and achieving this balance varies depending on whether the person is 
in fasting or in feeding condition (Ang & Linn, 2014). When considering a fasting 
condition, the glucose that is circulating is dependent on the one produced by the liver 
through glycogenolysis. However, in the feeding condition, the liver mainly promotes 
glucose uptake and storage (instead of glucose release), whereas the blood glucose relies 
mainly on the absorption process (Ang & Linn, 2014). 
The term PP means after the meal, hence, PPG reflects the response of blood 
glucose levels to a given meal. In non-diabetic individuals, PPG levels reach its peak 
about 60 minutes after the meal, where it rarely exceeds 140 mg/dl and then returns to 
pre-prandial values within 2-3 hours. This process occurs despite the continuous 
absorption of CHO that lasts 5 to 6 hours after the food intake (ADA, 2001). However, 
when PPG surpasses 140 mg/dl, the individual is considered to be in PP hyperglycemia 
and/or at risk of developing type 2 diabetes mellitus. PP hyperglycemia coincides with an 
impairment of the first-phase insulin response, a decrease in peripheral insulin sensitivity 
and an increase in hepatic glucose output after meals due to insulin deficiency 
(Maffettone, Rinaldi, & Fontanella, 2018). 
As aforementioned, these physiological changes during the PP period are 




attenuates glycemic responses, inhibits endogenous glucose production and increases 
splanchnic glucose uptake (Ang & Linn, 2014; Crapo, Reaven, & Olefsky, 1977). 
Nevertheless, other several aspects regulate PPG such as glucagon and insulin secretion 
and the combined effects of these two hormones on hepatic and peripheral metabolism, 
as well as the quantity and quality of the food ingested, namely the nutritional 
composition (ADA, 2001; Reaven, 1979; Rozendaal et al., 2018). For instance, when 
analyzing the PP responses to three different isocaloric nutritional meals, Klaauw et al. 
(van der Klaauw et al., 2013) observed that the meal with the highest percentage of CHO, 
was responsible for a superior increase in insulin response when compared to those with 
a lower percentage of CHO. On the other hand, the meal that included the highest 
percentage of protein had the highest values of GLP – 1.  
Another important factor to consider when addressing the glycemic response is 
the time of the day that the meal is consumed. Indeed, there are differences in PPG 
response between breakfast, where people are usually in fasting condition, and lunch or 
dinner (Jarrett, Baker, Keen, & Oakley, 1972). For instance, breakfast is characterized by 
a less pronounced PPG response, when compared with meals throughout the rest of the 
day. In fact, the literature suggests that the PPG response in the evening could be at least 
fivefold larger than those in the morning (Van Cauter, Shapiro, Tillil, & Polonsky, 1992). 
Some of the physiological mechanisms that may explain this differentiated response are 
related to higher beta cells responsiveness (about 20% higher vs. lunch and dinner taken 
together), the disposition index (insulin sensitivity x insulin secreted), insulin action, as 
well as a lower hepatic insulin extraction observed at breakfast (Saad et al., 2012). 
Another possible explanation lies on the circadian rhythms, which are physiological and 




anterior hypothalamus (Zee, Attarian, & Videnovic, 2013). The circadian rhythms are 
synchronized with earth’s rotation and are influenced by changes in light, temperature, 
and weather during the day. These rhythms exert influence on body temperature, feeding, 
hormone secretion, glucose homeostasis and cell-cycle regulation (Zee et al., 2013). For 
instance, it is observed that the release of incretins such as GLP – 1 and GIP seems to be 
regulated by a biological clock, since they present a diurnal pattern in which there is a 
more pronounced release of these hormones during the morning period (Lindgren et al., 
2009). In addition, it is known that during the morning there are less insulin resistance 
levels (Morgan, Shi, Hampton, & Frost, 2012) accompanied by an increase of insulin-
dependent transporter GLUT-4 expression in skeletal muscle (Basse et al., 2018). 
2.4. Breaking-up sedentary time: effects on postprandial glucose 
Although the physiological mechanisms that explain the improvement in GC from 
breaking up ST have not been widely studied and described, it is assumed that GLUT-4 
translocation mediated by muscle contraction during the breaks explains, in part, the 
benefits that derive from it. In fact, breaking up ST with short periods of PA seems to 
induce some metabolic effects on the muscle that mediate the movement of GLUT-4 to 
the cell surface through the mechanics already mentioned (Bergouignan et al., 2016). 
Moreover, these interruptions contribute to the activation of glycogen synthase that 
promotes glucose storage. PGC-1α may be another key element in this process. Through 
muscle contraction performed during the breaks, the expression of this protein increases 
and mitochondrial biogenesis is promoted, which results not only in an increase in cellular 
respiration and consequent glucose oxidation but also in stimulation of GLUT-4 




The energy expenditure resulting from the breaks may also explain its 
physiological benefits. Judice et al. tried to characterize the energetic cost of frequent sit 
to stand movement and determined that one single transition increases the metabolic rate 
approximately 35% above the sitting position, which represents 0.32 kcal for each 
transition (Judice, Hamilton, Sardinha, Zderic, & Silva, 2016). A recent study conducted 
on physically inactive adults reported that breaking up SB every 20 minutes with 30 
seconds of squats increased energy expenditure by 16.6%, and  promoted an increase of 
33.9% total CHO oxidation in comparison with prolonged sitting (N. S. A. Hawari, 
Wilson, & Gill, 2018).  
Remarkably, another mechanism that could explain the effects of breaks is the 
expression of some genes. Indeed, the interruption of SB could modify some gene 
expression. For instance, PDK4 (a gene involved in glucose metabolism regulation) and 
USP6 (gene that plays an important role in protein degradation and muscle atrophy) genes 
had an increase and decrease in their expression, respectively, following an intervention 
aimed at reducing SB through breaks (Latouche et al., 2013). 
Feasible strategies for reducing and interrupting SB in everyday life include 
alterations in the type of transport used and the reorganization of leisure time at home and 
time spent in the seated position in occupational health. The reduction of SB and frequent 
interruptions in this behavior must be considered as behavioral strategies that are as 
important as fulfilling PA guidelines. This new paradigm in the SB determines an 






3.1. Overall effects 
DT should be understood as a partial or complete loss of anatomical, physiological 
or performance training. DT induces adaptations as a consequence of a reduction or 
cessation of the training stimulus (Mujika & Padilla, 2000a). This concept is similar to 
the principle of reversibility, which advocates that the interruption of an exercise stimulus 
promotes a reversal in all physiological adaptations (Zaryski & Smith, 2005). Obviously, 
loss of adaptations may occur more or less markedly depending on the duration of the 
reduction of the stimulus and thus, two different types of DT are considered: short-term 
and long-term. Generally, short-term DT is used to define periods of stimulus interruption 
of less than or equal to 4 weeks, while long-term characterizes periods longer than 4 
weeks (Mujika & Padilla, 2000a). However, these cut-off values are not consensual, and 
other authors use different durations to distinguish short and long-term DT (Toraman, 
2005). 
DT has repercussions on physical fitness, influencing body composition, 
cardiorespiratory health and muscle strength (Dos Santos, Cyrino, Antunes, Santos, & 
Sardinha, 2016; Tokmakidis et al., 2014). Also, metabolic health may be affected, which 
could lead to a less healthy lipid profile (Nikseresht, Hafezi Ahmadi, & Hedayati, 2016) 
and an impaired GC (McGlory et al., 2018).  
With regard to maximal oxygen consumption (VO2max), the findings are not 
consensual, such that some studies showed that a reduction/cessation of training does not 
significantly change the VO2max (Bruseghini et al., 2015; Ratel et al., 2012), while other 




(Bocalini, Carvalho, de Sousa, Levy, & Tucci, 2010; Krogh-Madsen et al., 2010). The 
magnitude of these changes may vary between 4 – 14% (Mujika & Padilla, 2000a) and a 
reduction in PA levels during 2 weeks induces a 7.2% and 6.6% decline in VO2max, in 
ml/min and ml/kg/min, respectively (Krogh-Madsen et al., 2010). In addition, DT periods 
also have an influence on systolic volume (reduction of 10% - 17%, in 12 – 21 days), 
blood volume, red blood cells and cardiac output (8% in 21 days) (Mujika & Padilla, 
2000b). 
Besides the reduction in cardiorespiratory fitness (CRF), there are also decreases 
in muscle endurance, mainly due to 3 aspects: decreased oxidative enzyme activity, 
decreased muscle glycogen storage and disturbance of acid-base balance (Kenney, 
Wilmore, & Costill, 2012). Regarding muscle strength, once again, the investigations are 
not consensual, and while some validate the idea that DT/reduction of PA levels has 
deleterious effects, others studies have failed to achieve significant results. However, the 
majority of the literature seems to point to a reduction in muscle mass and strength values, 
especially through a decrease in the size of muscle fibers and the lower efficiency of 
motor recruitment. Bed rest studies showed that the disuse or lack of mechanical load 
promoted a marked decrease in muscle mass due to 1) reduction of PP and post-absorptive 
protein synthesis; and 2) an increase in insulin resistance, which in this way inhibits the 
expression of Akt, which in turn increases the expression of Forkhead box protein 1 
(FOXO1), leading to increased proteolytic activity that contributes to muscle atrophy 
(Rudrappa et al., 2016). 
It is established that reducing PA levels, with or without an increase in energy 
intake, yields a positive energy balance that explains a greater ectopic fat accumulation 




triglycerides and competes for the lipoprotein lipase downregulation (Bey et al., 2003) 
contributing to a lower uptake of triacylglycerols; concurrently, a drop of the enzymatic 
and mitochondrial content is observed and therefore, it is not surprising that fat oxidation 
is diminished (Granata & Jamnick, 2018). Hence, according to the period of stimulus 
cessation, one might state that the DT or PA reduction may compromise body 
composition (LaForgia et al., 1999; Theodorou et al., 2016). In this context, depending 
on the follow-up period (varying from a few weeks to a few months of DT) studies have 
been shown to have different results. Nonetheless, research suggest that the cessation of 
the training stimulus increases total body total fat mass (FM), % FM, regional FM, and 
decreases total and regional fat-free mass, mainly the leg lean mass (Breen et al., 2013). 
Declines in total body water, extracellular and intracellular fluids, and phase angle values 
have also been observed (Dos Santos et al., 2016). 
3.2. Effects on glycemic control and insulin sensitivity 
Skeletal muscle is responsible for more than 85% of total glucose uptake 
(DeFronzo, Ferrannini, Sato, Felig, & Wahren, 1981), therefore, it is expected that the 
reduction of physical levels or DT, that was previously mentioned, contributes to muscle 
atrophy, and promotes deleterious effects on the GC. In short, the decline in training 
stimulus increases fasting and PPG levels, plasma insulin levels, glucose AUC and insulin 
AUC (McGlory et al., 2018). Partly, these consequences may be due to a decrease in 
insulin sensitivity, which may be reduced by almost 41% with only 7 days of inactivity 
(Gill et al., 2003). Recently, a study conducted in overweight, prediabetic older adults 
who were asked to significantly diminish the number of daily steps for 2 weeks reported 
increases in HOMA-IR (23%) and decreases in Matsuda index (35%), suggesting an 




Several reasons may explain the changes observed in insulin-signaling, such as 
alterations in body composition, in CRF, and also in enzymatic content. As already 
mentioned, with the disuse derived from an inactivity status, a reduction in muscle mass 
is observed, that can often be accompanied by an increase in fat accumulation. Some data 
reported that 10-28 days of muscle disuse lead to 4-10% losses in lean mass and to 30-
50% decreases in PP myofibrillar protein synthesis (Breen et al., 2013; Kortebein, 
Ferrando, Lombeida, Wolfe, & Evans, 2007; Suetta et al., 2009). Thus, the ideal 
conditions for muscle atrophy are established and it is recognized that, especially in older 
populations, the main fibers affected are type 1, known as slow-oxidative and with high 
Glut-4 content (Gaster, Staehr, Beck-Nielsen, Schroder, & Handberg, 2001; Herbison, 
Jaweed, & Ditunno, 1982). Concomitantly, increases in FM, especially intra-muscular 
fat,  are also observed with DT. These increases in FM are responsible for the release of 
pro-inflammatory cytokines such as interleukin-6 and tumor necrosis factor (TNF-α), 
which have been shown to promote an increase in chronic systemic inflammation, 
interfering with the cellular insulin receptors, thus leading to insulin resistance (Ye, 
2013). This alteration in the signaling mechanism may be due to the accumulation of 
intramuscular lipids, which have a significant impact on insulin sensitivity resulting in 
compromised glucose uptake and GC,  particularly when they present high level of 
toxicity (e.g. diacylglycerol and ceramides) (Itani, Ruderman, Schmieder, & Boden, 
2002; Morino, Petersen, & Shulman, 2006). 
Concurrently, it is also known that the reduction of VO2max observed with the 
decrease in PA, which was already described above, is also a key element in  GC. A study 
conducted on 34 adults found that each unit (ml/kg/min) increment in CRF was associated 




Edwardson, Davies, et al., 2017). On the other hand, when CRF is decreased, it is 
expected that glucose AUC values are augmented (Sui et al., 2012). Indeed, DT might 
induce a smaller capacity of mitochondrial ATP production and an overall lower 
mitochondrial enzymatic activity, leading to a diminution of the mitochondrial volume 
and jeopardized cellular respiration (Wibom et al., 1992). With decreased cellular 
respiration correct glucose metabolism may not occur, hence impairing GC making it less 
efficient, with possible negative implications on the PPG. Besides that, enzymatic content 
fluctuations also contribute to GC impairment, namely reduction in the Akt (Krogh-
Madsen et al., 2010) and citrate synthase levels (Wibom et al., 1992). 
4. Thesis Purpose 
Although the literature on SB has been increasing over the past decades, there are 
still a number of questions that remain unanswered. Thus, it is necessary to increase the 
number of experimental studies comparing prolonged sedentary conditions with 
situations where this behavior is interrupted with the standing position, while using 
frequent breaks of PA (of different intensities), or with a single bout of exercise. Given 
that the majority of studies conducted so far have been carried out in the adult population 
whom were mostly sedentary or with some pathology (for example type 2 diabetes 
mellitus) (Benatti & Ried-Larsen, 2015), it seems appropriate to extend these 
experimental designs to an active elderly population, given the fact that the literature in 
this specific group is still scarce.  
Several studies were conducted to understand the effects of DT periods on 
physical fitness (CRF, muscle strength, body composition) (Dos Santos et al., 2016; 
Sakugawa et al., 2019; Tokmakidis et al., 2014), on metabolic variables (lipid profile, 




especially in older adults (Esain, Gil, Bidaurrazaga-Letona, & Rodriguez-Larrad, 2018; 
Kalapotharakos, Diamantopoulos, & Tokmakidis, 2010). However, to the best of our 
knowledge, no study has yet analyzed the effects of a DT period on the response to two 
distinct protocols: uninterrupted ST and breaking up ST. More specifically, whether the 
transition from a trained condition to a detrained state affects the responses of GC 
outcomes on either uninterrupted or breaks in SB. 
Therefore, we examined the acute effects of prolonged sitting on PPG (iAUC, 
tAUC, and MG) compared with interrupted sitting with 2 minutes of PA (alternating 
between up/down stairs and sit/stand up from the chair) every 30 minutes in a sample of 
healthy trained older adults. In addition, we also aimed to study the effects of 2 weeks of 
DT on PP iAUC, tAUC and mean glucose (MG) on both protocols. We hypothesized that 
PPG values would be improved by short interruptions on SB, while using PA bouts, in 
both trained and detrained states. Moreover, the DT period would also impair PPG values 












1. Recruitment Process 
Participants were recruited to take part in an intervention study for older adults. 
Media advertisements and attendance to local exercise classes were used to recruit the 
participants within the region of Oeiras – Portugal. Interested participants carried out the 
enrolment process (Figure 1), starting with a recruitment session, where an explanation 
of the intervention was provided. In this presentation, participants had access to the 
following information: the aim of the study, details of the intervention in which they 
would engage, and requirements to be part of the study in terms of schedule and time 
availability. At the end of the presentation participants filled in a questionnaire to 
ascertain who met the inclusion criterion. Written informed consents were obtained from 
all participants prior to any protocol-specific procedures. This study was approved by the 
Ethics Committee of the Faculty of Human Kinetics and conducted in accordance with 
the Declaration of Helsinki an also with Convention on Human Rights and Biomedicine.  
In order to be a part of this intervention, the participants had to be men or women 
aged between 65 and 90 years-old, physically active, and engaged in structured exercise 
at least twice a week for the past 6 months. People who had type 2 diabetes or any type 
of severe limitation that would prevent them from practicing exercise were excluded. 
Power and sample size calculations (G*Power 3.1.9.2) were based on an effect size of  
0.78 for the glucose iAUC, while using the t-test for paired samples (two-tailed), a power 
of 0.80, and a significance of 0.05 (N. S. Hawari, Al-Shayji, Wilson, & Gill, 2016). The 
calculation yielded a sample size of 15 participants while expecting a dropout rate of 10%. 
















Older adults reached 
(n=45) 
Older adults that attend the 
recruitment session (n=21) 
Declined to participate 
(n=24) 
Older adults recruited 
(n=10) 
Excluded (n=11): 
- Not interessed (n=8) 
- Severe limitation (n=1) 
- Diabetic (n=2) 
 
Excluded (n=1): 
- Missing data (n=1) 
 
Included in the analyses 
(n=9) 




2. Study Design 
Participants were followed in a randomized crossover trial undertaken at 
Faculdade de Motricidade Humana. The trial consisted of two experimental protocols 
separated by 15 days of DT period, in which participants were instructed to avoid any 
forms of structured exercise. In each of these experimental protocols, a crossover design 
was used with two distinct conditions: sitting without interruptions and sitting with 
periodic interruptions of moderate intensity (Figure 2). Assuming that the condition with 
periodic interruptions of moderate intensity could enhance insulin action for up to 48 h 
(Mikines, Sonne, Farrell, Tronier, & Galbo, 1988), a 4-6 day washout period between 
trial conditions was used to eliminate potential carryover effects. Moreover, a restrictive 
period was also used 48 hours before each trial condition, where participants were asked 
to refrain from structured MVPA (i.e., no PA beyond activities of daily living), caffeine, 
and alcohol. Prior to the first intervention and following the last, participants also 
underwent a set of laboratory measurements. Baseline and follow-up assessments were 
performed 3-10 days before/after the experimental protocols and included the assessment 
of body composition, metabolic flexibility, bioelectrical impedance analysis (BIA), 
physical fitness, and the completion of four different questionnaires.  
This thesis is integrated into a larger investigation that involves three different 
dissertations, each one with different goals (PPG responses, phase angle changes and 
metabolic flexibility alterations). The primary outcome of this study concerns changes in 
iAUC glucose, which was assessed at baseline and follow-up for both conditions. 











2.1. Intervention protocol 
Participants were required to fast for at least 10 hours prior to each intervention 
day. To assure similar conditions between participants, verbal and written instructions 
were provided to refrain from any caffeine, alcohol, and PA of any intensity 48 hours 
prior to the beginning of the intervention. The order in which the protocols would be 
applied was randomized in excel (random between a formula that defined the protocols: 
1 – sitting without interruptions; 2 – sitting with periodic interruptions of moderate 
intensity). The participants were spread in groups of four people, maximum. The 
protocols took place in a suitable and comfortable room, with access to television, books, 
journals, and other entertainments (e.g. sudoku, crosswords, and board games). During 
the intervention period, participants were followed by research staff to ensure protocol 
compliance at all times. 
On the morning of each intervention day (at 8:00 a.m.), participants underwent an 
oral glucose tolerance test (OGTT) (Figure 2). Similar to previous studies, during the 
protocol participants were required to use the activPAL in order to access their total PA 
and SB throughout the day (Duvivier et al., 2017; Henson et al., 2016; McCarthy, 
Edwardson, & Davies, 2017b). Furthermore, 2-hours before the beginning of the protocol 
a CGM was placed on the abdomen (further details are described below). After the OGTT, 
at 10:30 a.m., breakfast was given to the participants, which consisted in a mixed standard 
meal (Nestle Health Science - Resource Energy, 200 ml), marking the begging of the 7 
hour protocol. The same standard meal was provided 3 hours after the first one, around 
1:30 p.m. (lunch). The participants were encouraged to consume the entire meal, within 




The following morning after the protocol, the OGTT was repeated in order to 
determine the influence of the protocol on insulin-sensitivity of the following day, and 
the CGM monitor was removed (Newsom, Everett, Hinko, & Horowitz, 2013). On the 
day of the protocol, the participants were required to record their food intake at dinner 
and were instructed to replicate the same meal on the remaining days of the protocol. 
There was a wash-out period between protocols, with the second protocol taking place 4-
6 days after the first day of intervention. The protocol used on the second day of 
intervention was the opposite of the protocol used previously on the first day of 
intervention (e.g. if in the first moment the participant underwent the sitting without 
interruptions protocol, 4-6 days after he would perform protocol breaks in SB) (Dunstan 
et al., 2012). 
  
2.2. Experimental protocol and laboratory conditions 
In the present study, participants underwent two different protocols, one for 
prolong sitting, and another focused on sitting with interruptions of moderate intensity. 
Both protocols were designed using an ecological approach in order to simulate typical 
activities from a participant’s daily routine. The procedures for each condition are 
described as follows (Figure 2): (1) uninterrupted sitting (CON), participants were 
instructed to sit upright in a comfortable chair throughout 7 hours; (2) sitting with 
interruptions of moderate intensity (INT), participants were also instructed to sit 
upright in a comfortable chair throughout 7 hours, while interrupting the sitting position 
every 30 minutes to perform 2 minutes of PA at moderate intensity. The breaks consisted 




person performed these exercises alternately. This specific protocol accounted for a total 
of 6 hours and 38 minutes of SB and 22 minutes of PA of moderate intensity.  
On both protocols, participants were only allowed to go to the bathroom in a 
wheelchair, in which they remained seated all day (Henson et al., 2016; McCarthy, 
Edwardson, et al., 2017b). Besides the standard meals, participants were not allowed to 
ingest any other foods, however, “ad-libitium” water was granted (Henson et al., 2016; 
Peddie et al., 2013). 
 
2.3. Detraining period 
After completing both conditions, participants underwent a DT period of 15 days, 
in which the goal was to significantly reduce the levels of PA (Figure 2). During this 
period, participants were instructed to refrain from structured and supervised exercise 
sessions (Esain et al., 2018) at their local gym classes, and were also advised to reduce 
their daily levels of PA (e.g. avoid long walks). All PA performed by the participants 
during this 15 day period was monitored by accelerometry. 
At the end of the DT period, participants underwent the same experimental 
protocol (Figure 2), performing two distinct conditions separated by a wash-out period of 
4-6 days. The order in which the protocols were performed was once again randomized. 
 
3. Baseline and follow – up assessments 
3.1. Anthropometric measures 
Participants were weighed on an electronic scale without shoes wearing minimal 




nearest 0.1 cm with a stadiometer (Seca, Hamburg, Germany), according to standardized 
procedures (Lohman, Roche, & Martorell, 1988). 
 
3.2. Body composition measurements 
Dual-energy X-ray absorptiometry (DXA) (Hologic Explorer-W, fan-beam 
densitometer, software QDR for Windows version 12.4, Waltham, USA) was used to 
estimate total FM and abdominal FM. A whole-body scan was performed and the 
attenuation of X-rays pulsed between 70 and 140 kV synchronously with the line 
frequency for each pixel of the scanned image that was measured. Abdominal and gynoid 
body FM were measured through partial analyses of the DXA scan, based on regions of 
interest (ROIs) set by default on the DXA settings. Following the protocol for DXA 
described by the manufacturer, a phantom with six fields of acrylic and aluminum of 
varying thickness and known absorptive properties was scanned alongside each 
participant to serve as an external standard for the analyses of different tissue components. 
The same laboratory technician positioned the participants, performed the scans and 
executed the analyses according to the operator’s manual using the standard analysis 
protocol. Based on ten participants, the CV in our laboratory for FM and abdominal FM 
was 1.7% and 0.01%, respectively.  
 
Following to DXA, the participants did the BIA analysis (single frequency, 50 
kHz ± 1%, NutriLAB, Akern) in order to determine the phase angle. The participants 
were measured in a lying position, with legs apart from each other and arms apart from 




(Selberg & Selberg, 2002); 4 electrodes (2 in each limb) were placed on the hand and foot 
of the dominant side, with a distance of 5 cm between both. 
 
3.3. Cardiorespiratory fitness 
CRF was determined using a modified Bruce protocol (Noonan & Dean, 2000) on 
a motorized treadmill to exhaustion (model Q-65, Quinton, Cardiac Science Corp; 
Bothell, WA, USA). Prior to the test, participants were familiarized with the protocol and 
with the Borg Rating of Perceived Exertion Scale (Borg, 1982). At the end of each stage, 
they were requested to rate their perceived exertion using the Borg scale. All graded 
exercise tests were monitored using a 12-lead electrocardiogram PC-based acquisition 
module by a certified cardiologist, and all data, including heart rate, was monitored and 
recorded using Omnia software. After the calibration, inspired and expired gases were 
continuously analyzed, breath-by-breath, through a non-portable gas analyzer (QUARK 
RMR w/CPET, version 9.1, Cosmed, Rome, Italy). Participants exercised until at least 
two of the following test termination criteria were reached: (1) participants volitional 
fatigue; (2) respiratory exchange ratio reached 1.1 or higher; (3) participants reached 
predicted maximal heart rate; (4) oxygen uptake did not increase in spite of increasing 
workload (Howley, Bassett, & Welch, 1995; Milani, Lavie, Mehra, & Ventura, 2006; 
Pescatello & American College of Sports, 2014). Peak oxygen was determined as the 
highest 20 seconds average of the last minute. 
 
4. Objective Measures of Sedentary Time and Physical Activity  
ST and PA were assessed by accelerometry (ActiGraph, GT3X model, Fort 




and during the DT period (2-weeks). The accelerometer is a small device that measures 
the acceleration of normal human movements, ignoring high-frequency vibrations 
associated with mechanical equipment. All participants were asked to wear the 
accelerometer on the right hip, close to the iliac crest. The devices were activated on the 
first day (in the morning) and data were recorded in 60 second epochs. Apart from 
accelerometer, non-wear time (i.e., when it was removed during sleep and bathing 
activities) periods of at least 60 consecutive minutes of zero activity intensity counts were 
also considered as non-wear time (Colley, Connor Gorber, & Tremblay, 2010). 
A valid day was defined as 600 minutes (10 hours) or more of monitored wear 
time, and all participants were instructed to wear the equipment during the DT period (2-
weeks).  If the participants were unable to use it throughout the DT period, they had to 
use the equipment at least 3 valid days (including one weekend day) in each week. The 
device activation, download, and processing were performed using the software Actilife 
(v.6.9.1). The cutoff values used to define the intensity of PA and, therefore, to quantify 
the mean time in each intensity (sedentary, light, moderate or vigorous) were as follows: 
sedentary: < 100 counts·min-1; light: 100-2019 counts·min-1; moderate: 2020-5998 
counts·min-1 (corresponding to 3-5.9 Mets); vigorous: ≥ 5999 counts·min-1 
(corresponding to ≥ 6 Mets) (Troiano et al., 2008). There are no cutoffs for the ST using 
the three-axial information from this new generation Actigraph GT3X+ accelerometer; 
therefore, we used the previous cutoffs based on the vertical-axis only. 
Activpal (version 5.9.1.1, PAL Technologies, Glasgow, United Kingdom) was 
attached to the skin and used continuously during the 7-hour protocol day. Data were 
collected at a predetermined 10 Hz and in 15 second epochs and were used to monitor the 




5. Laboratory measurements 
A certified health care professional performed all the blood sample collections. 
The participants had their blood collected in a seated position from the antecubital vein, 
into dry tubes and into tubes containing ethylenediaminetetraacetic acid (i.e. 
anticoagulant). 
Biological samples were centrifuged after 20 minutes of collection at 3000g and 
at 4ºC for 15 minutes. Aliquots were frozen in Faculdade de Motricidade Humana in order 
to use in the future strictly for research purpose.  After that, the blood samples were 
stowed and processed in the Associação Protetora dos Diabéticos de Portugal (APDP) 
and were properly labelled with codes for each participant and moment of collection (to 
assure the data confidentiality). 
 
5.1. Oral Glucose Tolerance Test 
In order to assess insulin sensitivity, the gold standard test is the euglycemic – 
hyperinsulinemic clamp, although it is considered an invasive test. With a less invasive 
approach, OGTT can also be used to assess several markers of insulin sensitivity 
(Stumvoll et al., 2000). This method is relatively simple and uses a mathematical formula 
to obtain valid indices of insulin sensitivity (Matsuda & DeFronzo, 1999; Soonthornpun 
et al., 2003). The participants arrived at the laboratory in the morning of the intervention 
protocol and got their blood drawn after an overnight period of fasting. Following the 
blood collection, participants ingested a solution of 75 grams of glucose dissolved in 100 
ml of water (Bartoli, Fra, & Carnevale Schianca, 2011). Usually, the OGTT includes 5 
blood collections - 0’, 30’, 60’, 90’ and 120’. However, it is still possible to calculate 




more feasible for the participants to endure (Soonthornpun et al., 2003; Stumvoll et al., 
2000). Thus, blood collection was performed at 2 different time points: 0’ and 120’ (8 
a.m. and 10 a.m.). An analgesic cream was provided to reduce the pain associated with 
successive blood collections. 
 
6. Continuous Glucose Monitoring  
Throughout the intervention protocols, participants were continuously monitored 
with a blood glucose monitor (CGM – iPro2 Professional Continuous Glucose 
Monitoring, MiniMed; Medtronic, Northridge, CA, USA) connected to a glucose sensor 
(Enlite Glucose Sensor MiniMed; Medtronic, Northridge, CA, USA). This monitor 
provides continuous control of the interstitial glucose response (every 5 minutes via 
iPro2) to a standard meal (Freeman & Lyons, 2008) and is considered a low invasive 
equipment (Keenan, Mastrototaro, Voskanyan, & Steil, 2009). The sensor was placed 
subcutaneously on the right side of the abdomen in the morning of the intervention 
protocol and removed 24 hours after in the next morning. Participants were also instructed 
to perform three glycemia collections during the intervention protocol (1 and 2 hours after 
the placement of the GCM and before going to sleep) by pricking the fingertip with a 
glucometer (Contour Next One, Ascensia Diabetes Care, Basel, Switzerland). In the next 
day, using the same glucometer, participants measured fasted glycemia before ingesting 
the glucose solution for OGTT. 
 
7. Mixed standard meals 
The mixed standard meal, provided at breakfast and lunch (Figure 2) during the 




10 grams of fats, 42 grams of CHO, <10 grams of fibre, 11.2 grams of protein, vitamins 
and minerals: these meals are gluten free and clinically free of lactose (Nestle Health 
Science - Resource Energy, 200 ml). 
 
8. Statistical Analysis 
Statistical analysis was performed using IBM SPSS 22.0 version for windows. 
Means and standard deviations were used for body composition, CRF, glycemic and 
lipidic profile. In order to verify if there were differences between baseline and post-
detraining moments in these variables, paired t-tests were used when normality tested by 
the Shapiro-Wilk test was verified. When normality was not verified, the non-parametric 
test was performed (Wilcoxon).  
CGM data from the 7-hour protocol was used to calculate the AUC. To summarise 
both meals responses, we calculated the iAUC and tAUC using a custom built software, 
while applying the trapezoid rule (Matlab 2015). The iAUC was calculated for the 7-hour 
period as the total incremental area below the curve, subtracting the area below each pre-
meal baseline glucose concentration from that above, while using only positive areas.  
Generalized estimating equations (GEE), followed by Fisher’s Least Significant 
Difference (LSD) post hoc test, were used to examine the differential effects of the two 










The sample of our study consisted of 9 participants (5 males) with a mean age of 
77.0 ± 5.8 years old. Out of the 9 participants, 3 were considered normal weighted, 5 were 
overweight and only 1 participant was classified as obese. Regarding glycemic values, 
only 3 participants had pre-diabetes values (≥ 5.5 mmol/L) while the remaining 
participants were normoglycemic. Although HOMA values suggest that our sample was 
not insulin resistant in both moments, at baseline, 3 participants had HOMA values > 2 
(insulin resistance) and after DT period, 5 participants had HOMA > 2. Table 1 presents 
the mean and standard deviation values that describe the characteristics of participants in 
both baseline and post-DT moments. There were no significant differences in all variables 
between both moments of the study.  
 
Accelerometer data and postural allocation 
Data from accelerometer are shown in Table 2. Results are presented as mean±SD. 
During the baseline period, 4 participants performed at least 30 minutes of PA per day. 
Relative to the DT period, data from 1 participant was lost. From the remaining 8 
participants, 3 of them accomplished PA guidelines (≥ 30 minutes of MVPA/day) while 












Table 1 - Changes between baseline and post-DT moments regarding demographic 
variables, body composition, HOMA values, and CRF level. 95% confidence interval. 
 
Abbreviations: BMI, body mass index; FM (%), the percentage of fat mass; FM, fat mass; FFM, fat-free mass; BMC, 
bone mineral content; HOMA, homeostasis model assessment; VO2peak, peak oxygen consumption; HbA1c (%), % 
Glycated Hemoglobin; COL-T, total cholesterol 
 
 
Table 2 - Accelerometer data of free-living and DT periods. 95% confidence interval. 
Abbreviations: ST, sedentary time; LIPA, light-intensity physical activity; MVPA, moderate to vigorous 
physical activity 
Outcome Baseline (n = 9) Post-detraining (n = 9) Mean change (%) P-value 
Age (yrs) 77.0 ± 5.8   
Height (cm) 161.56±0.07   
Weight (Kg) 71.1±8.2 71.5±8.3 0.15 0.122 
BMI (kg/m2) 27.5±4.8 27.6±4.8 0.51 0.113 
FM (%) 32.7±7.3 33.7±7.2 2.9 1.000 
FM (kg) 23.1±7.0 24.0±6.9 3.8 0.519 
FM trunk (kg) 13.1±3.9 13.9±4.1 5.9 0.061 
FFM (kg) 46.8±5.3 46.6±5.8 - 0.4 0.180 
BMC (kg) 2.1±0.3 2.1±0.4 None 0.420 
VO2peak (ml/kg/min) 26.3±6.9 22.5±5.0 - 14.4 0.108 
HbA1c (%) 5.56±0.22 5.61±0.30 0.90 0.594 
Fasting glycemia 5.3±0.4 5.7±0.3 7.5 0.464 
HOMA 1.8±0.9 2.0±1.2 10 0.723 
COL-T (mg/dl) 172.15±28.11 166.21±25.61 -3.5 0.237 
COL-HDL (mg/dl) 57.1±7.3 54.3±6.6 -4.9 0.206 
COL-LDL (mg/dl) 110.1±27.4 109.5±23.2 -0.5 0.859 
Triglycerides (mg/dl) 84.3±31.0 78.4±12.02 -7 0.504 
Outcome Free-living Detraining Mean change (%) P-value 
ST (min/day) 577.30±50.87 559.44±93.53 - 3.1 0.409 
LIPA (min/day) 245.19±73.00 270.55±90.78 10.3 0.091 
MVPA (min/day) 29.7±23.9 29.2±28.3 - 1.68 0.674 




 Data from ActivPAL used during INT conditions are shown in Figure 3. Some 
data recording problems occurred with participants 4 (baseline INT condition) and 5 
(post-detraining INT condition), therefore no values are presented in these cases. 














An overview of the mean 7 hours glycemic responses for all participants for each 
condition in both baseline and post-detraining period is presented in Figure 4. 
 
Figure 3 - Data from Activpal regarding the intensity of breaks performed 
during protocols (individual and mean values). 15s epochs were used. 




Figure 4 - Mean glucose profiles (± SD) over 7 hours for each moment (baseline and post-
detraining) for both protocols (CON and INT). Standardized meals were consumed at the 
beginning of the protocol and after 3 hours. The dashed line represents the MG values 
and shaded area represents the SD. Blue and yellow shades depict the glycaemic response 
















Uninterrupted Sitting condition vs. Breaking up condition 
No differences were found for iAUC, tAUC and MG values between the two 
protocols both in baseline and in the post-detraining period, after adjusting for sex and 
age (Table 3). Results are presented as mean±SD. However, there is a clear trend for 




2 minutes of PA. At the baseline moment, tAUC, iAUC and MG decreased 2.2% (p = 
0.772), 20.9% (p = 0.390) and 1.7% (p = 0.719), respectively, when INT protocol was 
performed in comparison with CON protocol. After 2 weeks of DT, the mean change 
values were of greater magnitude, except for iAUC that presented a decrease of 15.6% (p 
= 0.646) when SB was interchanged with brief moments of PA. For tAUC and MG the 
changes were -6.3% (p = 0.495) and - 6.0% (p = 0.515), favoring INT condition. 
 
Table 3 - Baseline and post-detraining postprandial responses for both protocols. 
Abbreviations: tAUC, total area under the curve (mmol/L/h); iAUC, positive incremental area under the curve 
(mmol/L/h); MG, mean glucose (mmol/L); Δ (%), Mean change (%); CON, uninterrupted sitting protocol; INT, 
breaking up protocol 
 
 
Baseline moment vs. Post-detraining moment 
After 2 week of DT, the glucose values showed a trend to increase for both 
protocols (CON and INT), after adjusting for sex and age (Table 4). Results are presented 
as mean±SD. However, no significant differences were found between baseline and post-
detraining moments for tAUC (∆ 8.5%; p = 0.401), iAUC (∆ 52.8%; p = 0.343) and MG 
(∆ 8.6%; p = 0.390) when the two protocols were compared. Regarding CON protocols, 
the alterations between both moments (baseline and post-detraining) are borderline 
significant for tAUC (∆ 13.2%; p = 0.055) and MG values (∆ 13.6%; p = 0.055). iAUC 
remained unaltered (∆ 43.3%; p = 0.100). 
Outcome Baseline Post-detraining 
 CON INT Δ (%) P-value CON INT Δ (%) P-value 
tAUC  40.8±7.0 39.9±8.2 - 2.2 0.772 46.2±7.2 43.3±10.8 - 6.3 0.495 
iAUC 6.7±3.6 5.3±4.0 - 20.9 0.390 9.6±4.8 8.1±9.1 - 15.6 0.646 




Table 4 - Postprandial responses obtained in both protocols (CON and INT) during 
baseline and post-detraining. 
Abbreviations: tAUC, total area under the curve (mmol/L/h); iAUC, positive incremental area under the curve 
(mmol/L/h); MG, mean glucose (mmol/L); Δ (%), Mean change (%); CON, uninterrupted sitting protocol; INT, 


















Outcome CON INT 
 Baseline Post – detraining Δ (%) P-value Baseline Post-detraining Δ (%) P-value 
tAUC 40.8±7.0 46.2±7.2 13.2 0.055 39.9±8.2 43.3±10.8 8.5 0.401 
iAUC 6.7±3.6 9.6±4.8 43.3 0.100 5.3±4.0 8.1±9.1 52.8 0.343 





The scientific work in the field of PA has a well-established background on the 
importance of accomplishing the international PA guidelines to improve health-related 
outcomes. Recently, scientific research has focused on the field of SB and emphasized 
the relevance of the salutogenic effects associated with SB interruption.  
This thesis is integrated into a larger investigation that involves three different 
dissertations, each one with different goals. The findings presented in this dissertation 
aimed to determine the effects of two different conditions throughout a period of 7 hours 
(CON and INT) on PPG, considering two different training status (trained and detrained). 
At the beginning and following 3-hours of each protocol, non-diabetic and trained older 
adults consumed two standardized meals to analyze the CG response. Although non-
significant, the results showed that interrupting SB with 2 min of moderate intensity 
activities every 30 minutes induced a reduction of glucose tAUC, iAUC, and MG both at 
baseline (trained) and after 2 weeks of DT; additionally, the glucose tAUC, iAUC, and 
MG values obtained after 2 weeks of DT were higher than baseline values as expected, 
although non-significant changes were found. 
At the beginning of this dissertation, we reviewed thoroughly the observational 
and experimental evidence on the effects of interrupting ST on different health-outcomes, 
in different population groups. Our values of iAUC, tAUC, and MG differ from those 
studies due to different sample characteristics, differences in protocols, and also because 
our participants were not in a fasting condition at the beginning of the protocol due to 
previous ingestion of the OGTT liquid. Nevertheless, and as expected, the obtained levels 
for these variables were lower than those reported by studies conducted on diabetic people 




analysis presented in Figure 4, it is important to split the moments in-between meals: 0h-
3h and 3h-7h. Comparing these two intervals, it is clear that the first one (0h-3h) is not 
followed by an increase in the glycemic response, whereas in the second period (3h-7h), 
we observed an increase in interstitial glucose levels. These results might be explained 
by the prior ingestion of OGTT which, due to its glycemic load, may have attenuated the 
glucose excursions values after the first standardized meal (10:30 a.m.). Although it has 
not been evaluated, the physiological and expected increase in insulin synthesis after 
OGTT may justify this less noticeable glucose response after the first standardized meal, 
mainly due to the second phase of insulin production that lasts as long as the glucose 
remains elevated (due to OGTT) (Natali, Del Prato, & Mari, 2015).  
Contradicting our hypotheses, the results showed that breaking up SB does not 
significantly attenuate PPG responses in trained older adults, when compared to the 
uninterrupted sitting condition. Dunstan et al.  showed in a sample of 19 obese/overweight 
adults, that breaking up ST with walking activities of light- or moderate-intensity 
significantly lowered PPG levels (Dunstan et al., 2012). However, in a subsample of this 
study, which included only 8 of the 19 participants, the results for the PPG response were 
no longer statistically significant, although the iAUC glucose values obtained were lower 
when the SB was interrupted (Latouche et al., 2013). Thus, one might speculate that in 
the present study, the reduced sample size (n = 9) is partly responsible for the non-
significant results. In fact, the initial sample power analysis yielded a sample size of 15 
participants, so it is possible that this investigation might be underpowered.  
Furthermore, and considering the standard deviations for the glucose iAUC and 
tAUC, it can be noticed that the higher values might have an impact on the statistical 




our sample since the participants had considerable age variability (77.0±5.8 years; 
amplitude = 16 years), and also different physical fitness levels. Longitudinal findings 
reported that, after controlling for percent body fat, glucose increases in a linear rate with 
aging and the trajectory is strongly influenced by CRF level, especially in people older 
than 35 years (Sui et al., 2012). Thus, it is expected that the wide range of ages and the 
different CRF levels (VO2peak = 26.3±6.9 ml/kg/min; amplitude = 20.8 ml/kg/min) had an 
impact on glycemic responses, leading to different values of iAUC and tAUC. Moreover, 
it is important to highlight that participants were recruited from 2 different places and 
while some of them perform strength training sessions twice a week, others performed 
aquatic aerobic exercises, which represent a completely different training stimulus. 
Consequently, different insulin resistance values assessed by HOMA (Table 1) were 
found in our sample which might also contribute to the heterogeneity in observed 
responses.  
Insulin resistance and glucose intolerance may develop with aging, particularly 
when older people are overweight or obese and physically inactive. However, a healthy 
lifestyle can counterbalance these deleterious effects and physically active older people 
are more protected from having a poor GC or type 2 diabetes (Ryan, 2000). Undeniably, 
different metabolic health states could be associated with different responses to 
interruption of SB. Our results are in line with those reported in studies using healthy 
adults, who reported no effect on GC after breaking up prolonged sitting with 8-minutes 
of moderate cycling each hour (Altenburg, Rotteveel, Dunstan, Salmon, & Chinapaw, 
2013), or while using brief low-intensity walking bouts (2 minutes) (Hansen et al., 2016). 
In contrast, other studies have reported positive effects on PPG patterns for those who 




Brocklebank et al., 2017; Dempsey et al., 2017; Dunstan et al., 2012; Henson et al., 2016; 
Peddie et al., 2013; Thorp et al., 2014). For instance, in a sample of 17 sedentary adults, 
interrupting sitting time every 20 minutes with 2 minutes of standing or light-intensity 
walking decreased PPG (Brocklebank et al., 2017). Discrepancies in study populations, 
namely the previous metabolic state of the participant, may explain these conflicting 
results. Dunstan et al. (Dunstan et al., 2012) and Brocklebank at al. (Brocklebank et al., 
2017) studied middle-aged, overweight/obese individuals who are at higher risk for 
developing type 2 diabetes, and hence have higher insulin resistance levels, whereas 
participants in our investigation were active elderly individuals. Considering that glucose 
uptake is mediated not only by insulin but also via muscle contraction, it is not surprising 
that breaking up sitting time may have a less noticeable effect on GC in individuals who 
are more insulin sensitive (Hansen et al., 2016; Merry & McConell, 2009). 
Most of the studies carried out within this research field have used a crossover 
design, with participants completing different protocols that generally intend to compare 
the physiological effects of prolonged sitting vs. interrupted sitting with standing, light 
intensity and/or moderate intensity breaks. Usually, the study designs use the following 
ratio: sitting/breaking-up: 20 minutes of sitting to 2 minutes of interruption (Bailey & 
Locke, 2015; Brocklebank et al., 2017; Dunstan et al., 2012; Howard et al., 2013; 
Latouche et al., 2013). However, other authors conducted investigations on which 
participants were requested to interrupt sitting position every 30 minutes with 3 minutes 
of PA (Dempsey et al., 2017). In the present investigation, and considering the 
characteristics of our sample (i.e. older adults), we decided to use a more ecological 
approach, in which the interruptions used in the methodology were possible to adapt in 




brief periods of interruptions such as going up and down the stairs and sit and stand up 
from the chair. Thus, the lower frequency of breaks in our protocol may also be 
contributing to the nonexistence of significant results. For instance, it can be speculated 
that brief breaks of only 2 minutes were not a sufficient stimulus for insulin sensitive 
individuals who regularly exercise. On the other hand, the results may also have been 
influenced by the intensity of the breaks. Some studies suggest that light-intensity breaks 
produce positive effects on PPG responses in a similar magnitude to those of moderate 
intensity (Dunstan et al., 2012). Interestingly, Howard et al. (Howard et al., 2013) 
observed that in some blood biomarkers, such as fibrinogen, there seems to be a superior 
effect of breaking up ST using lower intensities of PA compared to higher intensities. 
However, it is important to highlight that these investigations were conducted mainly in 
inactive and overweight/obese samples. In healthy young physically active people, the 
results are somewhat conflicting and while some studies corroborate the superiority of 
moderate breaks, others did not report any differences between lower and higher 
intensities. Altogether, this data suggest that in young physically active people more 
intense and prolonged breaks are needed in order to counteract the detrimental effects of 
continuous SB (Benatti & Ried-Larsen, 2015). Although merely speculative, it may be 
considered that in healthy physically active elderly people, interruptions in ST of higher 
intensity (moderate to vigorous) are also warranted to achieve higher benefits on PPG 
responses. 
During the DT period (i.e. 15 days), a positive energy balance was sought through 
a reduction on energy expenditure, where the participants were expected to not change 
their eating habits and to reduce as much as possible their PA levels, namely by avoiding 




which, although not significant, might be physiologically relevant. The results obtained 
by DXA suggest a small increase in the percentage of FM (Δ 0.96%), especially in the 
trunk region (Δ 0.82 kg), followed by a small decrease in fat-free mass (Δ -0.18 kg), even 
though not significant. Notwithstanding, insulin resistance, assessed by HOMA, 
increased after the DT period, however, it was also not significant. This change is in line 
with some investigations that intentionally altered PA in a sample of apparently healthy 
people and found that a substantial reduction in the number of daily steps (from 10000 to 
1500 steps/day) promoted glucose intolerance after 2 weeks (Olsen, Krogh-Madsen, 
Thomsen, Booth, & Pedersen, 2008). Moreover, in a study conducted in overweight, 
prediabetic older adults, a significant reduction in the number of daily steps for 2 weeks 
(7880±3800 steps/day to 973±83 steps/day in men; 6585±2370 steps/day to 1018±116 
steps/day in women) increased HOMA-IR by 23%, suggesting an incremental rise in 
insulin resistance levels (McGlory et al., 2018). However, in our investigation the 
participants increased their steps/day (6574.73±2517.69 to 7150.94±3211.68), which can 
contribute to the non-significant HOMA changes. 
Comparing the results for the CON protocols, and considering the baseline to 
follow-up changes, we observed an increase of 13% (p = 0.055), 43.3% (p = 0.100) and 
13.6% (p = 0.056) for tAUC, glucose iAUC and MG, respectively; regarding the INT 
protocol, the changes were 8.5% (p = 0.401), 52.8% (p = 0.343), 8.6% (p = 0.390), 
respectively. In fact, in CON condition after the DT period, the values for tAUC and MG 
increased and were borderline non-significant when compared to baseline values, which 
might be explained by a decreased insulin sensitivity derived from the DT period. On the 
other hand, one might speculate that in the INT condition the changes in GC variables 




participants performed several breaks of at least moderate intensity, where they took 
advantage of the muscular contraction pathway for increased glucose uptake, even after 
a 2-week period without structured exercise. Moreover, if the sample size would be the 
one defined in the sample power analysis, one would expect different results towards the 
benefits of breaking-up SB after the DT period.  
 Once again, the obtained differences between baseline and post-detraining period 
were not significant and there are several reasons that might explain the lack of 
differences. Although the literature suggests that only a few days of inactivity are 
sufficient to modify insulin sensitivity (McGlory et al., 2018; Olsen et al., 2008) and, 
consequently, glucose uptake, we observed that the 15 days of DT in our protocol was 
not enough to obtain significant differences in glycemic responses between the two 
protocols. Based on the results presented in Table 2, it was observed that in the baseline 
moment, not all the participants were considered physically active according to the 
ACSM recommendations. However, it should be noted that 2 of these participants 
performed structured PA sessions in a swimming pool and accelerometer does not record 
this data. Considering that each session took at least 45 minutes and counting the time 
spent bathing and dressing, the participants did not use the accelerometer for at least one 
hour (as reported by the participants). Since non-wear time was defined as 60 consecutive 
minutes of zero activity, the time spent during supervised class (exercise + bath/dressing) 
was considered as non-activity time (neither ST nor PA time). In addition, the remaining 
participants regularly perform structured exercise classes that involve tasks as walk or 
light jogging, but also strength exercises on machines in a sitting position (e.g. chest 
press) that may have been measured as ST when in fact it was not (Sardinha & Judice, 




overestimated. Even so, all participants engaged in at least two sessions of structured 
exercise weekly. During the DT period, we notice that the participants did not 
significantly alter their PA levels. In fact, they just stop attending their structured exercise 
sessions. Thus, the induced detraining may have been insufficient to promote the expected 
changes in PPG responses. Probably, a more restrictive detraining stimulus would have 
been necessary and a maximum number of daily steps should have been defined. Also, 
delivering a pedometer to the participants so that they could monitor their daily PA levels 
would have been a good solution. We recognize that it was difficult to ask active people, 
who have a training routine for several years, to intentionally reduce their PA levels. Thus, 
since the participants avoided their exercise sessions, they may have offset this reduction 
with an unintentional increase in unstructured PA, which somehow compromised the 













Strengths and Limitations 
To our knowledge, this is the first randomized crossover trial that aims to 
understand the effects of interrupting SB on GC in older trained people and also to 
describe the effects of DT on PPG responses to breaks and prolonged sitting. However, 
this study is not without limitations. Primarily, the sample size represents the main 
limitation since our power analysis yielded a sample of 15 participants. Moreover, in the 
days prior to the protocols (48 hours), PA was not objectively monitored through 
accelerometers or pedometers. Beyond that, we should have provided pedometers to the 
participants during the detraining period in order to allow more rigorous PA monitoring, 
since without visual knowledge of their PA level, participants may have increased their 
PA levels through unconscious compensatory mechanisms. It is most likely for this 
reason that the PA level of the participants during the detraining period were quite 
comparable against baseline.  
Although CGM is a feasible tool to assess PPG responses and offers many clinical 
and research advantages, it should be noted that its accuracy may be influenced by signal 
stability, sensor hydration, physiological/device lag-times, and individual differences 
(Dempsey et al., 2017). The reduced elasticity of the skin and the collapse of some veins 
contributed to some missing data regarding the OGTT. The use of a catheter could have 
been preferable.  
Considering that during the protocol (7 hours), the insulin response was not 
evaluated and no muscle biopsies were collected, we recognize that we cannot explain 
changes in PPG responses based on physiological mechanisms, thus we can only 
speculate. Additionally, the acute nature of the protocol does not allow us to extrapolate 





Based on our results, it seems that breaking up ST with short bouts of moderate-
intensity PA does not acutely modify PPG response in trained older adults. We also 
concluded that 2 weeks of DT were not sufficient to promote significant changes in PPG. 
However, despite the non-significant results, it was clear that PPG responses were more 
pronounced for the CON protocol compared to the INT protocol. Also, after detraining, 
higher values of iAUC, tAUC, and MG were found in both protocols, but the impact of 
detraining seems to be higher for the CON protocol compared to INT. The reduced sample 
size might explain the non-significant results, thus further studies must reproduce this 
protocol considering a larger sample. 
Future Work 
Although this study found no significant effects of interrupting SB, more studies 
are needed to strengthen the body of evidence that already exists in this research field. 
Future studies should be conducted in larger samples that include older adults who are 
regularly active, in those who have some kind of disease or pathology and also in those 
who do not perform PA but are healthy. Furthermore, it is also necessary to describe the 
biological effects of the interruption of SB, namely the enzymatic changes that result from 
the interruption of SB through muscle biopsies. 
Regarding detraining findings, it is important to describe the deleterious effects 
of discontinuation of a training routine in order to underline the importance of not only 
adopting an active lifestyle but also maintaining it throughout life. In addition, it would 
be interesting to study the effect of a longer detraining and the consequences of retraining 
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Appendix A – Inclusion/Exclusion Questionnaire 
 
QUESTIONÁRIO DE AVALIAÇÃO 
 
Nome:_________________________________________________________________ 
Género: Feminino    Masculino                   Data preenchimento: ____/_____/ ______ 
Data de nascimento: _____/____/______  
Telefone: __________________________ Peso (kg): _________ Altura (m): _______  
Fuma? Sim  Quantos cigarros por dia? _________ 




Apresenta alguma das seguintes doenças? 
 
Doenças cardiovasculares:    
 Hipertensão arterial       Colesterol elevado 
 Enfarte do miocárdio                   Osteoporose 
 Angina do peito    Outra(s): ____________________ 
 AVC       
 









Outra(s): _____________________________________________   
 
Teve alguma lesão nos últimos 6 meses? Sim   Não  




Ocorrência de Fraturas 
 
N.º total de fraturas que sofreu ao longo da vida: ______  








Ocorrência de quedas (últimos 12 meses) 
Quantas vezes caiu no último ano? _________ 
 
Ocorrência das quedas:  
           A realizar uma tarefa usual   
           A realizar uma tarefa excepcionais ou de grande dificuldade  




Alguma vez tomou algum medicamento mais de 6 meses? Que outros medicamentos 
toma atualmente? (* indicar para que doença o medicamento foi prescrito) 
 
* Medicamento Ano de início N.º de anos 
    
    
    
    
    




Saúde e Incapacidade Física 
 
 
Quantas vezes foi ao médico no último mês? _____________ 
Quantas vezes foi ou permaneceu no hospital nos últimos 6 meses? _____________ 
Considera que a sua saúde é: Muito má   Má   Razoável    Boa    Excelente  
 
Notou perda de peso involuntária nos últimos 12 meses?  Não  Sim (peso inicial e 
peso perdido) 
Tem tido falta de apetite?  Não  Sim 
No último mês sentiu que tinha muito pouca energia para as coisas que pretendia 
realizar?  Não  Sim 
Apresenta algum dos seguintes problemas de saúde? 
 
Sim Não 
Incontinência urinária (perda de urina)   
Tonturas frequentes   
Problemas nos pés (inflamações, calos, etc)   
Problemas de visão (não reconhece uma pessoa a quatro metros de distância mesmo 
usando óculos ou lentes de contacto). 
  
Problemas da audição (não consegue seguir uma conversa de um grupo de quatro 
pessoas mesmo com aparelho auditivo) 
  




   
 
Ocupações do tempo livre 
Quais das seguintes atividades gosta de praticar no seu tempo livre? 
 Ver televisão?          Jogos de tabuleiro 
 Jogar computador         Jogar às cartas 
 Ler um livro/jornais/revistas       Fazer sudoku 






Calendarização da Intervenção 
Relativamente à Calendarização da Intervenção (pode assinalar mais do que 1 opção): 
 Não posso realizar a intervenção se esta for durante o mês de Fevereiro  
 Não posso realizar a intervenção se esta for durante o mês de Março 
 Não posso realizar a intervenção se esta for durante o mês de Abril 
 Não posso realizar a intervenção se esta for durante o mês de Maio 
 Não posso realizar a intervenção se esta for durante o mês de Junho 
 Não posso realizar a intervenção se esta for durante o mês de Julho 
 Não tenho preferência ou restrições relativamente a nenhuma das datas 
 
 
Já participou em outro(s) estudo(s)? 






















Appendix B – Informed consent  
 
CONSENTIMENTO INFORMADO LIVRE E ESCLARECIDO  
Título do projeto: Efeitos da Interrupção do Comportamento Sedentário e da Inatividade Física 
na Resposta Pós-prandial da Glicémia, na Sensibilidade à Insulina, na Flexibilidade Metabólica 
e no ângulo de fase 
Pessoa responsável pelo projeto: Professor Doutor Luís Bettencourt Sardinha 
Instituição de acolhimento: Faculdade de Motricidade Humana – Universidade de Lisboa 
 
Este documento, designado Consentimento, Informado, Livre e Esclarecido, contém 
informação importante em relação ao estudo para o qual foi abordado/a, bem como o que 
esperar se decidir participar no mesmo. Leia atentamente toda a informação aqui contida. Deve 
sentir-se inteiramente livre para colocar qualquer questão, assim como para discutir com 
terceiros (amigos, familiares) a decisão da sua participação neste estudo.  
Este estudo visa avaliar os efeitos da interrupção do comportamento sedentário e do 
destreino na resposta pós-prandial da glicémia, na sensibilidade à insulina e na flexibilidade 
metabólica em idosos treinados. 
Para tal, ser-lhe-á solicitada a sua participação durante um mês, no qual será sujeito, 
com acompanhamento de pessoas especializadas (enfermeiro e médico). No final deste 
documento, é disponibilizada uma tabela que ilustra os vários procedimentos que serão 
necessários realizar e que se encontram descritos, em texto, de seguida:  
A avaliação inicial inclui seis procedimentos, a realizar em dois dias distintos: DIA 1 - 
DXA (densitometria raio-x de dupla energia) para avaliação da composição corporal e 
bioimpedância; avaliação da flexibilidade metabólica (medição do metabolismo de repouso 
durante meia hora com recolha de sangue, ingestão de uma refeição padrão; medição do 
metabolismo de repouso durante 2 horas, com recolha de sangue aos 60 e 120 minutos); DIA 2 




força muscular (testes com sensores de força); preenchimento de questionários relativos aos 
hábitos alimentares, qualidade de sono, hábitos de atividade física e estado de saúde geral;  
No primeiro dia de intervenção, após os procedimentos da avaliação inicial (DIA 3) será 
realizado um teste de tolerância oral à glucose (OGTT-2h) com recolha sanguínea em jejum e 
aos 120 minutos. Seguidamente, serão administradas duas refeições padrão (pequeno – almoço 
e almoço) e aplicado aleatoriamente um dos protocolos:  
 Protocolo A consiste na manutenção de um comportamento sedentário durante 7 horas 
(3 horas durante a manhã + 4 horas durante a tarde);  
 Protocolo B serão feitas interrupções de 2 minutos a cada meia hora no comportamento 
sedentário (3 horas durante a manhã + 4 horas durante a tarde). As interrupções 
consistirão na realização de um exercício, de dois possíveis: sentar e levantar da cadeira 
ou descer e subir escadas. Os exercícios serão realizados alternadamente entre os 
diferentes períodos de interrupção do comportamento sedentário e a ordem de realização 
dos mesmos será definida pelas alunas que acompanham o protocolo.   
No dia seguinte à aplicação de um protocolo (DIA 4) será realizado um OGTT (de manhã). 
Após 4 dias da realização do primeiro protocolo, será aplicado o protocolo A ou B (exemplo: 
se no primeiro momento realizou o A, 4 dias após irá realizar o B). 
Uma vez realizados ambos os protocolos, será sujeito a um período de inatividade física de 
15 dias. Durante este tempo, solicita-se que não frequente as sessões de exercício que 
normalmente realiza na Faculdade de Motricidade Humana e fora desta, e que minimize os 
níveis de atividade física. Simultaneamente, ser-lhe-á solicitado o uso do acelerómetro em dois 
dias úteis e um dia de fim-de-semana, em cada uma dessas duas semanas.  
Posteriormente, serão repetidos os procedimentos A e B, conforme o acima descrito, para 
comparar a resposta a vários parâmetros, após duas semanas de destreino. 
A avaliação final consistirá na realização dos procedimentos feitos na avaliação inicial e será 
realizada após a repetição de ambos os protocolos. 
A sua participação é voluntária e pode recusar-se a participar. Caso decida participar neste 
estudo é importante ter conhecimento que pode desistir a qualquer momento, sem qualquer tipo 
de consequência para si. No caso de decidir abandonar o estudo, a sua relação com a Faculdade 




estudante ou funcionário da FMH será mantido e não sofrerá nenhuma consequência da sua 
não-participação ou desistência. 
Através deste estudo terá disponível, para seu conhecimento, informação detalhada relativa à 
sua condição cardiorrespiratória, composição corporal, valores glicémicos, sensibilidade à 
insulina, valores lipídicos e saúde metabólica. Adicionalmente, será informado/a de estratégias 
para interrupção do comportamento sedentário. Porém, este estudo não está isento de riscos, 
nomeadamente durante a prova de esforço, ainda que os mesmos sejam reduzidos devido à 
presença de um médico. Para além disso, poderá sentir algum desconforto decorrente das 
diversas colheitas de sangue, pelo que será aplicado um creme analgésico durante o período da 
recolha e ser-lhe-á fornecido um creme para colocar nos dias seguintes de forma a evitar o 
aparecimento de hematomas, como por exemplo nódoas negras. 
Todos os dados deste estudo serão recolhidos, tratados e guardados (na FMH-UL e na 
Associação Protetora dos Diabéticos de Portugal) em regime de confidencialidade. Serão 
guardadas amostras de sangue suas, devidamente codificadas (garantido a confidencialidade 
dos dados), na FMH-UL destinando-se meramente para efeitos de investigação. Os resultados 
do estudo serão divulgados nas dissertações finais das alunas de mestrado e os mesmos ser-lhe-
ão disponibilizados.  
Em caso de dúvida ou situação de urgência, deverá ser contactada uma das alunas: Inês Correia 
(926149130), Júlia Lopes (916951976), ou Sofia Freitas (910357965). 
Li (ou alguém leu para mim) o presente documento e estou consciente do que esperar quanto à 
minha participação no estudo: Efeitos da Interrupção do Comportamento Sedentário e do 
Destreino na Resposta Pós-prandial da Glicémia, na Sensibilidade à Insulina, na 
Flexibilidade Metabólica e no Ângulo de Fase em Idosos Treinados. Tive a oportunidade de 
colocar todas as questões e as respostas esclareceram todas as minhas dúvidas. Assim, aceito 
voluntariamente participar neste estudo. Foi-me dada uma cópia deste documento. 
Desde já, agradecemos o facto de se disponibilizar a ler este consentimento e, se assim o 






Calendarização individual (calendarização tipo a adaptar para cada 
participante) 
Dia Horas Local O que fazer Observações 
8 Maio A definir Pavilhão Lord - 
FMH 
Avaliação inicial Equipado com fato de treino e 
ténis 
12 e 13 
Maio 
Não realizar AF vigorosa; no entanto, pode fazer caminhada leve; EVITAR 
CONSUMO DE BEBIDAS ALCÓOLICAS E BEBIDAS COM CAFEÍNA 
14 
Maio 
7:30-10:30 Pavilhão Lord - 
FMH 
Avaliação inicial Em jejum e sem metais (ex: 
brincos) 
14 e 15 
Maio 
Não realizar AF vigorosa; no entanto, pode fazer caminhada leve; EVITAR 
CONSUMO DE BEBIDAS ALCÓOLICAS E BEBIDAS COM CAFEÍNA 
16 
Maio 




Vir em jejum 
17 
Maio 
8:00-10:00 Pavilhão Lord - 
FMH 
OGTT Vir em jejum 
19 e 20 
Maio 
Não realizar AF vigorosa; no entanto, pode fazer caminhada leve; EVITAR 
CONSUMO DE BEBIDAS ALCÓOLICAS E BEBIDAS COM CAFEÍNA 
21 
Maio 




Vir em jejum 
22 
Maio 
8:00-10:00 Pavilhão Lord - 
FMH 





DESTREINO: Não realizar aulas estruturadas de exercício (ginásio ou piscina); 
minimizar atividade física (caminhadas, por exemplo); usar acelerómetro todos os dias; 
nos dias 4 e 5 de Junho  EVITAR CONSUMO DE BEBIDAS ALCÓOLICAS E 
BEBIDAS COM CAFEÍNA 
6 
Junho 




Vir em jejum 
7 
Junho 
8:00-10:00 Pavilhão Lord - 
FMH 
OGTT Vir em jejum 
9 e 10 
Junho 
Não realizar AF vigorosa; no entanto, pode fazer caminhada leve; EVITAR 
CONSUMO DE BEBIDAS ALCÓOLICAS E BEBIDAS COM CAFEÍNA 
11 
Junho 




Vir em jejum 
12 
Junho 
8:00-10:00 Pavilhão Lord - 
FMH 
OGTT Vir em jejum 
13 
Junho 
Não realizar AF vigorosa; no entanto, pode fazer caminhada leve; EVITAR 
CONSUMO DE BEBIDAS ALCÓOLICAS E BEBIDAS COM CAFEÍNA 
14 
Junho 
7:30-10:30 Pavilhão Lord - 
FMH 




A definir Pavilhão Lord - 
FMH 
Avaliação Final Equipado com fato de treino e 
ténis 
 
OGTT – teste de tolerância oral à glucose (tempo de realização 2h com duas colheitas de 
sangue) 
Protocolo 1 e 2 – um dia sentado + um dia sentado com interrupções (10:30h – 18:00h) 
Avaliação inicial e final 




 Avaliação da força muscular 
 Densitometria óssea (avaliação da composição corporal) 
 Bioimpedância (avaliação da composição corporal) 




Assinatura do Consentimento Informado, Livre e Esclarecido 
Li (ou alguém leu para mim) o presente documento e estou consciente do que esperar quanto à 
minha participação no estudo Efeitos da Interrupção do Comportamento Sedentário e do 
Destreino na Resposta Pós-prandial da Glicémia, na Sensibilidade à Insulina, na 
Flexibilidade Metabólica e no Ângulo de Fase em Idosos Treinados. Tive a oportunidade 
de colocar todas as questões e as respostas esclareceram todas as minhas dúvidas. Assim, aceito 




Nome do participante                Assinatura do participante 




  Data  
    
   
Investigador/Equipa de Investigação 
 
Os aspetos mais importantes deste estudo foram explicados ao participante ou ao seu 




Nome da pessoa que obtém o consentimento  Assinatura da pessoa que obtém o consentimento 




  Data  
 
